1. Lotic ecosystems can be studied on several spatial scales, and usually show high heterogeneity at all of them in terms of biological and environmental characteristics. Understanding and predicting the taxonomic composition of biological communities is challenging and compounded by the problem of scale. Additive diversity partitioning is a tool that can show the diversity that occurs at different scales. 2. We evaluated the spatial distribution of benthic macroinvertebrates in a tropical headwater catchment (S.E. Brazil) during the dry season and compared alpha and beta diversities at the scales of stream segments, reaches, riffles and microhabitats (substratum types: gravels, stones and leaf litter). We used family richness as our estimate of diversity. Sampling was hierarchical, and included three stream segments, two stream reaches per segment, three riffles per reach, three microhabitats per riffle and three Surber sample units per microhabitat. 3. Classification analysis of the 53 families found revealed groups formed in terms of stream segment and microhabitat, but not in terms of stream reaches and riffles. Separate partition analyses for each microhabitat showed that litter supported lower alpha diversity (28%) than did stones (36%) or gravel (42%). In all cases, alpha diversity at the microhabitat scale was lower than expected under a null model that assumed no aggregation of the fauna. 4. Beta diversity among patches of the microhabitats in riffles depended on substratum type. It was lower than expected in litter, similar in stone and higher in gravel. Beta diversities among riffles and among reaches were as expected under the null model. On the other hand, beta diversity observed was higher than expected at the scale of stream segments for all microhabitat types. 5. We conclude that efficient diversity inventories should concentrate sampling in different microhabitats and stream sites. In the present study, sampling restricted to stream segments and substratum types (i.e. excluding riffles and stream reaches) would produce around 75% of all observed families using 17% of the sampling effort employed. This finding indicates that intensive sampling (many riffles and reaches) in few stream segments does not result in efficient assessment of diversity in a region.
Introduction
The concept of spatial scale, in the context of ecological hierarchies, has received increasing attention in the study of patterns at the population, community and ecosystem levels in terrestrial and aquatic systems (Wu & Loucks, 1995; Li et al., 2001; Parsons, Thoms & Norris, 2003; Robson & Clay, 2005; Stendera & Johnson, 2005; Erö s, 2007; Bonada et al., 2008) . Many recent studies have considered rivers as landscapes, composed of a variety of patches nested in a chain of hierarchical scales (Malmqvist, 2002) . This has led many authors to use the term 'riverine landscapes' Ward et al., 2002) , emphasising hierarchies of scale and that the patterns and processes that emerge are dependent on the scale of observation (Giller, Hildrew & Raffaelli, 1994; Wu & Loucks, 1995; Tylianakis et al., 2006; Mykrä, Heino & Muotka, 2007; Bonada et al., 2008) .
Studies on lotic systems have focused on many spatial scales, from centimetres (e.g. flow heterogeneity around the substratum; Bouckaert & Davis, 1998) to kilometres (e.g. land-use effects; Townsend et al., 1997) . A number of scales can be recognised in the natural spatial hierarchy of rivers. Among these, many authors have considered microhabitats, habitats, stream reaches, stream segments and catchments (Frissell et al., 1986; Hildrew & Giller, 1994; Li et al., 2001; Allan & Castillo, 2007) . All these scales encompass heterogeneity in terms of biotic and abiotic conditions (Downes, Lake & Schreiber, 1993; Heino, Louhi & Muotka, 2004) . For instance, early studies recognised the patchy nature of energy resources and the fauna in streams (Egglishaw, 1964; Townsend, 1989) . Such heterogeneity is a result of multiple factors, including biotic interactions (McAuliffe, 1984; Hildrew & Giller, 1994) , disturbance (Matthaei, Arbuckle & Townsend, 2000; Melo et al., 2003) , habitat heterogeneity (Robson & Chester, 1999; Costa & Melo, 2008) and population stochasticity (Bunn & Hughes, 1997) . At larger spatial scales, for example drainage systems and ecoregions, heterogeneity in stream assemblages may result not only from environmental constraints but also from geographical distance (Mykrä et al., 2007) .
Understanding and predicting the distribution of organisms in space is a main goal of ecology (Poff, 1997; Finn & Poff, 2005) . Recently, additive diversity partitioning has been favoured as a methodological approach to understand the relative importance of community heterogeneity among several spatial scales (Wagner, Wildi & Ewald, 2000; Crist et al., 2003; Stendera & Johnson, 2005; Tylianakis et al., 2006; Ribeiro et al., 2008) . Despite this increasing use of additive diversity partitioning in terrestrial ecosystems, we are aware of only a few recent studies employing it in temperate streams (Stendera & Johnson, 2005; Erö s, 2007) and none in tropical streams. This paucity of papers reflects the preponderance of research on alpha diversity and its scarcity on beta diversity (Clarke et al., 2008) .
In the additive approach, gamma (or regional) diversity is obtained by summing the alpha (local) and beta (turnover) diversities Gering et al., 2003) . Alpha diversity is defined as the mean number of taxa (or the values of diversity indices) observed in samples taken at a particular spatial scale. Beta diversity is the difference between the alpha diversity at two levels of a hierarchy. Over a hierarchy of scales, it is possible to partition total diversity into alpha and beta diversity at the finest scale and the beta diversity associated with successively greater scales (i.e. the incremental gain of diversity as sampling incorporates higher levels in the hierarchy). Contrasting the magnitude of observed beta diversity at each scale against values generated by a null model allows the recognition of the main sources of community variation in the spatial hierarchy .
Streams and rivers are among the most threatened ecosystems of the world (Dudgeon et al., 2006) , particularly those in the tropics (Boyero & Bailey, 2001) . Estimates of the present biodiversity loss in these ecosystems are alarming (Allan & Castillo, 2007) . Knowledge of the biodiversity in a region is the first step in preserving and restoring ecosystems (Heino et al., 2005) . However, basic knowledge of biodiversity is lacking for most tropical areas. For instance, many insect genera and even new family records for large biotic regions have appeared recently in the taxonomical literature (Holzenthal, 1997; Huamantinco & Nessimian, 2003) . For most of the Neotropical region, it is not possible to predict even rough values of species (or genera) richness based on environmental predictors, as is usually done in biological assessment (Norris, 1995) . The urgent need for biological inventories in tropical areas is usually challenged by the lack of human and economic resources, making it urgent to develop cost-effective protocols to assess biological diversity. One potential strategy is to restrict assessments to spatial scales associated with the widest variations in taxa composition (Boyero & Bailey, 2001; Heino et al., 2005; Robson, Hogan & Forrester, 2005; Chandy, Gibson & Robertson, 2006; Ciesielka & Bailey, 2007) .
Here, we assessed the taxonomic composition and distribution of diversity of stream invertebrates associated with three types of substratum (litter, gravel and stones) over four spatial scales [microhabitats (Surber unit), riffles, stream reaches and stream segments], following the spatial classification of Frissell et al. (1986) . Specifically, we aimed to: (i) assess the similarity among samples from different substratum types and scales; (ii) identify the spatial scales associated with the highest beta diversity and (iii) contrast the relative magnitude of the diversity components among the three substratum types. We hypothesise that the total diversity is not homogenously distributed among scales, but concentrated in particular levels of the hierarchy. If this is so, sampling should be concentrated at the scales of larger variation, resulting in the reduction of expenses employed in studies aiming the detection of impacts or monitoring of effectiveness of restoration practices.
Methods

Study area
We studied three headwater streams in the Mascates catchment, Parque Nacional da Serra do Cipó , Brazil Fig. 1 The Mascates catchment, Parque Nacional da Serra do Cipó , in Minas Gerais, Brazil. The three headwater streams and the approximate positions of the two reaches sampled in each are shown. Within each stream reach, three Surber sampling units were obtained for three types of substratum (litter, gravel and stones; here visualised as different symbols) in each of three riffles. (19°20¢S; 43°44¢W) ( Fig. 1 ). The vegetation is Cerrado (savanna), and one of the 25 'biodiversity hotspots' in the world (Myers et al., 2000) . The climate is highaltitude tropical (Cwb), with well-marked dry (April-September) and wet seasons (October-March). Annual mean air temperature ranges from 17 to 18.5°C and annual rainfall between 1450 and 1800 mm.
The streams drain relatively pristine catchments within the nature reserve. They are second-and thirdorder and have clear, well-oxygenated waters and are similar in width and depth, with alternating riffles and pools (Table 1 ). The streambeds are composed mostly of bedrock, stones and leaf-litter banks; gravel is sparse.
Fieldwork and macroinvertebrate identifications
Field sampling in the three stream sites was done in July 2006, during the dry season. In this period, discharge is constant, habitats are most distinct and densities of invertebrates high (Bispo et al., 2001; Callisto, Moreno & Barbosa, 2001) . Sampling was hierarchical and included microhabitats, riffles, stream reaches and stream segments (Frissell et al., 1986; Allan & Castillo, 2007) (Fig. 2) . The finest spatial scale, hereafter termed microhabitat, consisted of Surber sample units (30 · 30 cm, 250 lm mesh) from different types of substratum. Three Surber sample units were obtained from each of three types of substratum (litter, gravel and stones) per riffle, totalling nine sampling units in each riffle. Surber samples were located in homogenous areas of each substratum and as far as possible from each other. Microhabitats and substrata were nested within three riffles (habitat), which in turn were nested within two stream reaches and finally in three stream segments (the three headwater streams sampled). Riffles were at least 10 m long and 50 m distant from each other within each stream reach. Stream reaches were around 300 m long and about 800 m distant from each other ( Fig. 1) . A total of 162 Surber sample units were obtained (three sampling units · three substrata · three riffles · two stream reaches · three stream segments = 162). Sample units were preserved using 10% formalin and sorted in the laboratory.
The material collected was initially sieved through a 250 lm mesh. Organisms were sorted and assigned to families. Family level was used since previous studies, including one from the same region (Melo, 2005) , have shown that ecological patterns detected using species or morphospecies are also revealed using data for genus or family (Marchant, 1990; Downes, Hindell & Bond, 2000; Boyero & Bailey, 2001) . 
Statistical analyses
We first assessed relationships among samples, using a hierarchical clustering method based on the unweighted pairgroup method using arithmetic averages (UPGMA) linkage and the Bray-Curtis distance calculated on log(x + 1) abundance data. For this analysis, the three sampling units (Surbers) for each substratum were pooled, resulting in 54 samples. We employed additive partitioning to decompose the total variation in taxonomic composition into alpha and beta components. In order to assess whether the relative magnitude of diversity components differed among substratum types, we analysed the data separately for each substratum. Alpha diversity (a1) is defined as the average number of taxa per sample unit. Beta diversity consists of dissimilarities among samples in terms of taxonomic composition. In this hierarchical study, one value of beta diversity is associated with each spatial level. Accordingly, the first beta component is associated with variation in taxonomic composition among Surber sample units (microhabitats) and is defined as b 1 hereafter. This first beta component can be interpreted as the difference in mean taxon richness between microhabitats (sample units) and habitats (riffles). Similarly, b 2 is the difference in mean taxon richness between habitats and stream reaches, b 3 the difference between stream reaches and stream segments and b 4 the difference between stream segments and the total richness (c) in the study (Fig. 2) . Generalising, b L = a L+1 ) a L , where a L+1 , the mean taxon richness on the upper scale and a L , the mean taxon richness on the lower scale . In this study, the total taxon richness was partitioned into c = a 1 + b
In a second partition analysis, we included substratum type as an additional level in the hierarchy, to contrast its importance relative to the four spatial components (see above). In addition to the four spatial beta components described above, this analysis included the component b 1s , the difference in mean taxon richness between substratum types and riffles.
Beta diversity at a given level depends upon the number and size of samples in that level and the one above it (Økland, Eilertsen & Økland, 1990; Schmera & Erös, 2008) . For instance, beta diversity can be relatively high if many samples are available in the upper level. This results from the pervasive positive dependence of taxa richness on sampling effort.
Comparison of absolute beta diversity values can thus be misleading. An adequate assessment of the relative importance of each beta value can be made using null models. Crist et al. (2003) described two null models for additive partitioning of diversity. The type I model consists of randomisation in the allocation of individuals among all sample units collected in the study. This procedure randomises individuals and taxa simultaneously for all levels in the hierarchy . In the type II model, samples in level L-1 are randomised within level L, preserving the individuals and taxa present in each sampling unit. We opted to use the type I model, since the random placement of individuals is the null hypothesis of interest . Note that the randomisation of individuals removes aggregation within sample units, thus allowing us to assess its effect in the hierarchy of scales. We randomised the data according to the null model 10 000 times, to generate a distribution of expected values. The observed diversity component value at a given spatial level was then contrasted to the respective random distribution, to determine if it was higher or lower than expected in the absence of aggregation (i.e. the null model). Specifically, we recorded the proportion (hereafter prop-value) of cases in which the null model produced values higher than the observed beta diversity. A low prop-value (e.g. prop exp > obs < 0.05) indicates that the observed diversity is significantly higher than that expected under the null model. Similarly, a high prop-value (e.g. prop exp > obs > 0.95) indicates that the observed diversity is significantly lower than that expected under the null model. The analyses were done using the software Partition version 2.0 (Veech & Crist, 2007) .
Results
A total of 64 793 individuals and 53 families were obtained. Most taxa were rare; 81% occurred with abundances less than 1%. More individuals were obtained in streams 1 and 3 (23 655 and 24 923 individuals, respectively) than in stream 2 (16 215 individuals). In terms of substrata, higher densities were observed in the gravel and decomposing leaves (26 146 and 23 788 individuals, respectively) than on stones (14 859). Families were distributed widely among streams and substrata. For instance, stream 1 had the highest richness with 47 families (89% of the total). Similarly, decomposing leaves contained the highest number of families (51, representing 96% of the total observed in the study). Insects were dominant in terms of abundance (96%) and number of families (90%). The insect orders Diptera, Trichoptera and Coleoptera contributed with 10 families each. The orders Heteroptera, Ephemeroptera and Odonata contributed with three to seven families each. There was only a single family each of Plecoptera, Megaloptera, Lepidoptera and Turbellaria.
The UPGMA analysis produced groups mostly according to substratum type and stream segment (Fig. 3) . Samples from gravel and stones tended to be grouped together and at lower values of dissimilarity than those from litter. Four groups were formed at a dissimilarity of 0.36: (i) the gravel ⁄ stones samples from the three streams plus the litter samples from stream 3; (ii) the litter samples from stream 1; (iii) the litter samples from stream 2 and (iv) a single sample (2-1-1-Li; Fig. 3 ) containing few individuals and taxa. These groupings show that in two streams the litter samples were more dissimilar than samples from other microhabitats. However, this was not true in stream 3, where all three substratum types were more similar than in the other streams. The effects of riffles and stream reaches were relatively slight.
The mean number of families per Surber sample unit (a 1 ) was similar among substrata (14.2, 15.3 and 16.2, respectively for litter, stones and gravel). For all substrata, observed taxa richness in microhabitats was lower than expected under the null model (prop exp > obs > 0.999). However, a 1 for litter represented a smaller fraction (28%) of the total diversity than for the rocky substrata (36% and 42% respectively for stone and gravel) ( Fig. 4 ). This indicates a higher aggregation among families occurring on the litter substratum than in those in the gravel ⁄ stones substrata, reflecting similar spatial patchy distribution of confamilial individuals.
The relative magnitude of the b 3 component (among stream reaches) was usually low and identical in all three substrata (11%). The magnitudes of the b 1 (microhabitat) and b 2 (riffles) were intermediate and similar to each other in all substrata (range: 13-19%). In contrast, the b 4 component (stream segment) was dependent on substratum type and was high in litter (29%), intermediate in stone (21%) and low in gravel (15%). The high values of the b 4 component for litter and stone are concordant with the grouping of samples according to stream segment in the classification analysis.
The magnitude of the b 1 component (microhabitats) in relation to expectations under the null model was dependent on the type of substratum. Observed values were lower than expected for litter (prop exp > obs > 0.999), similar for stones (prop exp > obs = 0.879) and higher for gravel (prop exp > obs < 0.001). The b 2 (riffle) and b 3 components (reach) of all substrata were roughly similar to those expected (0.367 > prop exp > obs > 0.030). However, b 4 (stream segment) for all substrata was higher than expected under the null model (prop exp > obs < 0.001).
The partition analysis, including data from all three substrata, was similar to the analyses of each substratum (Fig. 5) . Observed a 1 and b 1 components were lower and the b 4 higher than expected under the null model. Within riffles, the variation among Surber samples of a substratum (13%) was roughly similar to the variation among substratum types (15%) (Fig. 5 ).
Discussion
Except for substratum type, our sampling was random within each spatial scale. Accordingly, differences in family composition among sample units in the same substratum are due mostly to true spatially or environmentally structured variation. The main result of the classification analysis was the grouping of samples (pooling of three sampling units of the same substratum in the same riffle) according to stream segments and substratum type. Stream reaches were relatively unimportant in the determination of similarity among samples. The diversity partitioning analyses provided additional support for the importance of stream segments (b 4 ) and the unimportance of stream reaches. Additionally, the analyses revealed the unimportance of riffles and the dependence of the magnitude of the beta diversity among microhabitats (b 1 ) on substratum type (not evaluated in the classification analysis). In terms of substratum type, the taxon composition on litter differed from that on rocky (gravel + stone) substrata, showing proportionally lower diversity within the finest scale (a 1 ) and complementary higher diversity at the highest scale (b 4 ).
The importance of substratum type for the composition of stream macroinvertebrate assemblages is Observed and expected diversity partitioned in alpha and five beta components, expressed as percent of total species richness. Numbers indicate the proportion of randomised samples containing more species than the observed sample for each partition. a 1 , mean species richness per Surber sampling unit; b 1 , beta diversity among Surber sampling units in riffles; b 1S , beta diversity among the three substratum types (litter, stones and gravel); b 2 , beta diversity among riffles; b 3 , beta diversity among stream reaches; b 4 , beta diversity among stream segments.
widely recognised in the literature (Pardo & Armitage, 1997; Robson & Chester, 1999; Buss et al., 2004; Costa & Melo, 2008) and results from the differential availability of feeding resources and refuges against predation or flow disturbance (Pardo & Armitage, 1997; Buss et al., 2004) . For instance, litter patches are relatively unstable and provide contrasting food resources for their fauna compared to rocky (gravel + stones) substrata. In fact, we observed larger differences in faunal composition between litter and rocky substrata than between gravel and stones. The importance of the beta diversity component at the finest spatial scale (b 1 ) was dependent on substratum type. There was low beta diversity of the macroinvertebrate fauna among litter patches within riffles (prop exp > obs > 0.999), intermediate among stones (prop exp > obs = 0.879) and high among gravel (prop exp > obs < 0.001). Within riffles, faunal dissimilarities among litter packs were lower than expected. In contrast, there was high dissimilarity among patches of gravel in the same riffle. Our results thus indicated that, within riffles, the fauna in gravel is patchier than that in litter packs. employed nested A N O V A A N O V A to partition the variation in species richness and abundance among five spatial scales (stones, group of stones, riffles, reaches and stream segment). They found that most of the variation was accounted for by the lowest level (stones) and that such a pattern agreed with previous works on stony streams employing nested A N O V A A N O V A . Despite of the lack of a study comparing the relationship among diversity components using nested A N O V A A N O V A and additive partitioning, it seems that the variation among stones in the study of is equivalent to our b 1 component. Assuming this equivalence, it is interesting to note that (independent of its significance in relation to a null model) the magnitude of the b 1 (among Surber units) component was slightly lower than those observed among riffles (b 2 ) and reaches (b 3 ). This contrasts with the results of (and studies summarised in their Table 1) in which variation among riffles or stream reaches was much smaller than that among stones or sampling units. It would be useful to know if such differences between systems are real or simply a consequence of differing analytical techniques (Nested A N O V A A N O V A and Additive partitioning).
The relatively high similarity in faunal composition observed among riffles and stream reaches within each stream segment agrees with some previous studies (Robson & Chester, 1999; Parsons et al., 2003; Ciesielka & Bailey, 2007) . The high similarity at these two levels of the spatial hierarchy may in part be caused by the drift of individuals (Ramírez & Pringle, 2001; Callisto & Goulart, 2005) . This homogenising influence of drift is particularly likely given the short distances between riffles (50 m) and between stream reaches (800 m). However, some previous studies have reported large differences among riffles and among stream reaches within stream segments (Downes et al., 2000; Heino et al., 2004 Heino et al., , 2005 . Such contradictory results could partially be explained by the spatial extent of riffles or reaches in the studies cited. For instance, studies dealing with short distances (<3 km) usually find high similarities among riffles or reaches (Robson & Chester, 1999; Parsons et al., 2003; Ciesielka & Bailey, 2007) , whereas studies dealing with greater distances find the opposite (Downes et al., 2000; Heino et al., 2004 Heino et al., , 2005 . An additional possibility contributing to low dissimilarity among patches at these two scales is the preponderance of different habitats between riffles or reaches, such as long pools. Despite adult dispersal, long pools may constitute barriers to drifting organisms, not only due to reduced flow but also to fish predation (Allan & Castillo, 2007) .
We found important differences in family composition among the three streams studied, revealed both in the UPGMA classification ( Fig. 3 ) and in the diversity partitioning analyses (high b 4 component; Fig. 4 ). This agrees with previous studies addressing this spatial scale (Heino et al., 2004 (Heino et al., , 2005 Ciesielka & Bailey, 2007; Clarke et al., 2008) . Heino, Muotka & Paavola (2003) suggested that differences in faunal composition among streams, even those in the same catchment, may be caused by differences in environmental conditions. In this study, however, we deliberately opted to study headwater streams that were located in the same catchment and were similar in size and physical and chemical characteristics. Accordingly, it is unlikely that the observed differences in family composition among streams resulted from differences in environmental conditions. An alternative mechanism generating differences among streams is restriction in the dispersal of adults.
Scale and diversity of stream macroinvertebrates 431 Finn & Poff (2005) studied streams similar to each other in the Rocky Mountains (U.S.A.) and concluded that the terrestrial matrix could restrict the dispersal of adults, even to adjacent areas. This could lead to the partial isolation of headwater streams and result in differentiated faunas (Hynes, 1975; Poole, 2002) . However, such a restriction in dispersal may not occur for many species (e.g. Masters et al., 2007) rendering a simple interpretation of our results difficult. This study was restricted to families and one may argue that this dispersalrestriction may not apply because many families might contain at least some species with high dispersal capabilities and, thus, would be distributed homogeneously in the region. However, a significant proportion of macroinvertebrate families in the Neotropical region are represented by a single species in a catchment. For instance, Melo & Froehlich (2001) present a list of 162 macroinvertebrate morphospecies present in 10 streams in the same catchment and found that out the 45 families, 20 occurred with a single species and nine with two or three species.
The high beta component observed at our coarsest (stream) scale not only agrees with the several previous studies cited above, but could be expected from the ubiquitous distance-decay in similarity observed for a range of organisms, scales and ecosystems (Nekola & White, 1999) . However, this could be regarded as at odds with observations of Mac Nally et al. (2004) in a study of the species composition of birds and butterflies in a nested hierarchy of sites, canyons and mountain ranges. They found that similarity increased with spatial grain (e.g. the similarity among canyons was greater than among sites in the same canyon) and that this resulted from the presence at the upper scale of most of the habitat patches observed at the lower scale. In contrast to the study of Mac Nally et al. (2004) , however, our intermediate spatial scales (riffles, reaches) probably did not add much environmental heterogeneity and, thus, our result substantially agree with the distance-decay model of similarity.
For the three substratum types studied, the alpha diversity at the finest scale was lower than expected. This has also been observed in previous studies employing additive partitioning, including beetles associated with trees [separated into common and rare species or not separated ] and trees and woody understorey plants (Chandy et al., 2006) . This pattern probably reflects the aggregation of individuals at fine scales which, in turn, could result both from restrictions in dispersal (Bunn & Hughes, 1997; Finn & Poff, 2005) , differences in microhabitat and resource availability (Egglishaw, 1964) or competitive interactions (McAuliffe, 1984) . Future studies could investigate the aggregation pattern in relation to continuous measures of spatial distance (rather than discontinuous scales such as plots or stream reaches) and assess determinants of community structure in major segments of this continuous hierarchy.
As in previous studies addressing several spatial scales, this study included little replication at the coarsest scale (stream segment) and was conducted during a single season (dry period) (Downes et al., 2000; Heino et al., 2004; Robson & Clay, 2005; . The effect of season may be of particular importance and a different pattern may occur in the rainy season. For instance, increased flow may cause drift of organisms that would homogenise their distribution on the stream bed (Townsend & Hildrew, 1976 ). However, a few studies have indicated that the effect of spates may be heterogeneous and dependent on substratum type (e.g. loose or fixed stones; Matthaei et al., 2000) and specific places in the streambed (Melo et al., 2003) . Accordingly, the relative importance of each beta component may depend on season and, thus, care should be taken in the extrapolation of our results.
Despite these limitations, this study presented effective evidence for the value of diversity partitioning as a tool for identifying the primary sources of diversity in streams (Ribeiro et al., 2008) . We found that variation among stream riffles and reaches was low. For instance, sampling in only a single riffle in a single reach would be enough to collect 75% of the taxa using 17% of the sample effort. This finding indicates that intensive sampling (many riffles and reaches) at a few stream sites does not result in the efficient assessment of diversity in a region. This is particularly relevant for biomonitoring programmes, particularly when human and economic resources are scarce (Lenat & Resh, 2001) . Therefore, expenditure of resources in diversity studies and biomonitoring programme can be made more effective by prioritising (i) large spatial coverage (many stream sites) and (ii) substratum diversity.
